Purpose -The paper seeks to identify elements of lean production that may be applicable to managers. Design/methodology/approach -A survey was administered to 125 middle and lower level managers to assess perceptions about level of workload and amount of workload control. Principal components analysis was employed to identify primary factors. Findings -Five primary factors accounted for 56 percent of total variance. The principal factors corresponded to the lean production concepts of work in process level, empowerment, and non value-added time. Originality/value -These middle and lower level managers identified five primary factors that accounted for 56 percent of the variance in their self-reported levels of workload and control. Three of these factors correspond to existing metrics that have been utilized in lean production in industry.
Introduction
A typical manager's work day . . . to beat the traffic, our typical manager starts for work early. Unfortunately, an accident on the way means our manager arrives with the crowd at the normal time. The plan for a proactive "jump" on the work to be done today goes out the window. Even though our manager checked e-mail until 11 pm the night before, there is still new e-mail to be reviewed. After deleting the garbage and insignificant messages, this recent batch of e-mail creates more assignments for the new day.
Possibly because of the traffic, this day provides relief to the norm because our manager had time to actually dock her laptop and check e-mail before the first unscheduled guest arrives at the office door. Invariably, there are always some direct reports that consistently arrive early to work. Well past their e-mail check-up, these employees have begun their work day and are already to the point where managerial direction is required before they can proceed to complete tasks.
It would be a luxury for this manager if all daily interruptions came from expected sources, like direct reports and supervisors. But, just like those numerous e-mails, office visitors and phone callers seem to come from all directions, both within and outside the organization. A printout from the manager's planner shows five hours of scheduled meetings today and a business lunch. What is certain to be at least a ten-hour day is already more than half-consumed in dead time. Remaining time must be efficiently deployed just to stay on schedule for impending deliverables. Any thinking about the context of the work queue must be dealt with outside of that ten-hour day. Even with all the new gadgets the company has provided our manager, a laptop, a personal digital assistant, and a Blackberry, our manager feels no more efficient or in control.
We paint this picture of a typical manager from hundreds of informal conversations with them. Those conversations were part of a more formal study of how managers allocate their time today and their perceptions about the level of workload and the level of control. Neither subject is new but studying the relationship between them given contemporary workplace shifts in technology and globalization merits attention. This research goes beyond a basic sampling of managers' work. The objectives are to tie in that quantifiable transaction data with perceptions about a manager's control of their assigned tasks. The authors hypothesize that relationships exist between perception of control and how time is spent. This research attempts to model those relationships for further testing.
Background
Our study of managerial activity, although observational, is ultimately aimed at improving managerial efficiency. Practical improvement methods cannot be prescribed without an understanding of how the resource (time) is being utilized. Oshagbemi's (1995) meta-analysis of manager time studies details 25 such studies between 1963 and 1990. Widely recognized from that list is Mintzberg's (1973) thesis. Although Mintzberg studied just five managers, all chief executive officers, the depth of information was so great that it serves as a foundation for all recent research. Mintzberg's work goes well beyond how managers spend their day (work characteristics) by defining ten various managerial roles. Contrary to prevailing thought at the time, Mintzberg found that a manager's day was quite fragmented into many transactions of short duration. The pace of work was quite hectic and left little time for planning. Kurke and Aldrich (1983) confirm many of Mintzberg's findings, but like most published work in this field, they concentrate on senior leaders in relatively large organizations. Stewart's (1989) work includes lower and middle level managers in a similar exploration of managerial work but like the previous two papers, the objective of her research is centered on managerial roles. These significant contributions and the others cited by Oshagbemi (1995) provide data to check our results against but the aim of this research is at lower level managers. We are far more interested in how implementers spend their day, rather than planners of strategy. In our study, managerial roles or leadership traits are not characterized.
Another shortcoming of the aforementioned studies with respect to our objectives is the publication dates of the studies. The ubiquitous e-mail did not exist. The state of technology at the time of that research put constraints on communications that have been greatly eased. Today's manager, even at the lowest levels, is able to stay in contact with co-workers nearly around the clock, from almost any location. The new dynamics of e-mail and instant messaging certainly have changed the transactional load on managers. Not until just recently did a dedicated (always on) internet connection (broadband) become common in American households, a level that now reaches 30 percent (Belson, 2005) . Although cell phone penetration impacted management responsibility well before broadband, the ability to coherently text message or answer e-mail via cell phone devices is just now gaining hold. The number of wireless devices with internet connections in use in the USA now measures 31 million (Frankel, 2005) . Probably not coincidentally, the mention of work-related stress Workload factors impacting managers in the popular press and the use of anti-depressant and anti-anxiety pharmaceuticals are at record highs (Hymowitz and Silverman, 2001 ). Evidence of the recent changes comes from various sources. As long ago as 1998, a Pitney Bowes survey of over 1,000 US workers showed they received on average 190 messages each working day, broken down as telephone (52), e-mail (30), voice mail (22), interoffice mail (18), postal service (18), fax (15), post-it notes (11), phone message slips (10), pager (four), overnight courier (four), cellular phone (three), and postal express mail (three) (Internet Week, 1998) . Just two years after those results, Pitney Bowes reported a US worker receives an average of 204 e-mails per day (Hymowitz and Silverman, 2001) . The rate of e-mail growth is slowing but still significant. Just in the last two years the volume of incoming and outgoing e-mail per corporate user has doubled (Vara, 2004) .
Another contemporary issue affecting many managers is globalization of supply chains (Chapman, 2001 ). It is not just buyer and supplier impacts, though. To fully utilize the clock, many companies develop new products and services in several parts of the world and pass on the work-in-progress to the next time zone, just like the shift change in a manufacturing plant. As firms build more international relationships, the work day often extends well beyond normal hours (Greene et al., 2003) . Of course, as the number of relationships grows linearly, the number of communication contacts grows exponentially, and the sources for messages increases right along with that. Couple globalization with increased use of cross-functional teams within firms and it is evident the communication network for today's manager dwarfs what existed just ten years ago.
If we consider communication to be a fundamental management function, the complexity of management transactions must also be daunting in an historical context. Work assignments traditionally delivered from the top down in a hierarchical management structure now come from every direction. With the quality movement of the 1980s, managers were taught to be more facilitating to subordinates, therefore assignments could come from bottom-up. Along with enterprise resource planning in the 1990s came an emphasis on business processes that cut horizontally in organizations. That creates more work requests from outside the "department". Recognizing the financial benefits of supply chain management, firms must accept the burden of answering the call from many more partners than before. That not only means more bosses for the contemporary manager, but also greater difficulties in forecasting when and where the assignments come from.
The confluence of multiple information requests aided by sophisticated communication technologies sounds very much like the concept of "technostress". Brod (1984) coined the neologism "technostress" to denote worker and consumer distress caused by inadequately coping with new computer technologies. Weil and Rosen (1998; Rosen and Weil, 1999) detail the growing danger technostress poses as information and communication technologies have advanced in the last two decades. They point out that human psychology sets limits on the ability of workers to handle too much information at once. Miller (1956) , in a famous early cognitive psychology experiment, found that most humans could only hold between five and nine "chunks" of information in their short-term memory at any one time. Consequently, workers tend to be less productive when they are forced to "multitask" excessively .
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Managerial productivity tools To cope with this nightmare of change, managers have been given both low-technology and high-technology tools. Low-tech solutions include basic time management and organization training techniques. The approach by Allen (2001) has gained some popularity, but age-old methods like to-do lists are still popular and effective (Fallows, 2005; Sandberg, 2004) . For most managers, professional and personal workloads are co-mingled. Some firms try to alleviate certain aspects of the this burden by offering common services at the work facility, for example dry cleaning, day care, fitness clubs, and even medical services. Although more skill than tool, multitasking certainly makes more efficient use of time and is often facilitated by technology.
Certainly high-tech products have offered the most hope for managerial productivity improvement -at least that is the thought. The productivity paradox describes the lack of productivity gains given the significant investment in information technology in recent years (Franke, 1987) . This research won't attempt to assess the validity of the productivity paradox, but the debate must be acknowledged.
Technologies for management and knowledge workers fall into two broad categories:
(1) communications; and (2) data-related.
Limiting the discussion to recent communication advances, the list includes faster networks, wireless access, instant messaging, and web conferencing. For example, while a manager attends a required meeting, a wireless device may permit multitasking. Or, an instant message usually gets an instantaneous response and eliminates the queuing disposition that an e-mail would receive. Data-related technologies include decision support or executive information systems, e-mail filters, advanced search tools, personal digital assistants, and voice recognition software. Of course, the overlap with communications is obvious and intentional. These tools allow the manager to quickly access information and make decisions. The direction of these technologies is toward actual knowledge management but the road is not well traveled yet.
Lean production -an alternative approach Lean production is a manufacturing concept based on the "pull" system of repetitive processing. The term "lean" means less waste, therefore more efficient use of resources. Traditional production systems use a "push" system, in which large batches are processed at each step. Our overall hypothesis is that lower and middle managers in service industries still use the "push" system, and may benefit by using lean techniques. Lean techniques here do not mean lean staffing. We assume the managerial resource is capacity constrained. A predominant form of waste would likely be the time it takes to process work various workers, not the workers themselves.
The initial step is to identify which lean production metrics are applicable in the management environment of today's service industries. Metrics that have proven useful for measuring lean industrial production include work-in-process level (WIP), batch-size, cellular design, work standardization, work balancing, production leveling, total lead time, value creating time to total time, value creating steps to total steps, Workload factors impacting managers inventory turns, empowerment, and setup time (Schonberger, 2001; Dailey, 2003; Georga, 2003; Henderson and Larco, 1999; Womack and Jones, 2003) . For example, a lower WIP is associated with lean production and the lower the WIP, the leaner the production system. WIP is relatively easy to measure in manufacturing by simply counting the amount of work yet to be completed. For a manager, measuring WIP is much more difficult. Work to be completed queues in various areas including e-mail, phone mail, desk inboxes, regularly assigned tasks, and special assignments like projects. WIP is directly related to batch size, inventory turns, and total lead time from the above table.
Another related group is production leveling, cellular design, and work balancing. The ultimate objective is to achieve unitary flow (batch size of one) but principally to avoid production unevenness. A bottleneck is the slowest step in a sequential process and is readily identified by piles of inventory awaiting this resource. In administrative work, a bottleneck could equivalently be identified as the worker with the largest in-box, or to-do list. Even though the process may not be sequential, this worker is still restricting flow to other operations (workers) and creating unevenness.
Empowerment does not sound like a manufacturing doctrine, but is critically important to achieving leanness. Empowerment means giving workers greater control over the work process and respecting their opinions. Certainly this metric means the same thing in production and non-production environments, although the measurement of empowerment is not easily quantifiable.
Research questions
Our guiding hypothesis was that the workload of lower and middle-level managers in service industries could be alleviated by applying some of the techniques of lean management from industrial production. We administered a survey to determine what factors relevant to lean production could be reliably measured among lower and middle-level managers. We focused on the following questions:
. What is a reliable measurement of a lower and middle-manager's workload?
.
Is it possible to measure how lower and middle-managers allocate their time at work?
What is a reliable measurement of "work in progress" for lower and middle-managers?
What is a reliable measurement of "lead time" for lower and middle-managers?
. What indicators of "lean production" can be reliably measured among lower and middle managers?
. Does reduced queue time increase individual productivity among lower and middle managers?
Does reduced queue time increase group productivity among lower and middle managers?
This is an exploratory study and our primary goal is to identify which, if any, measures of lean production can be transferred usefully to lower and middle-management in service industries.
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We consider our subjects to be knowledge workers. Drucker (1959) first used the term "knowledge worker" to describe employees that work with intangible resources. More recently, Drucker (1988) has stated that "knowledge tends to be concentrated in service staffs, perched rather insecurely between top management and the operating people". Dove (1998) and Coates (1986) take an even broader view of what constitutes knowledge work but many prominent researchers agree that for knowledge work, "workers' brains comprise the means of production" (Ramirez and Nembhard, 2004) . Based on these definitions, the authors strongly believe this sample to be representative of knowledge workers, but our assessment of workload is not concerned with how these subjects manage knowledge for future dissemination.
Method
Subjects were 125 lower and middle managers enrolled in part-time MBA classes at a Northeastern university. Participation was voluntary and responses kept anonymous, with no monetary or grade compensation. The surveys were handed out in class, with instructions to take them home and return them at the next class. Over 90 percent of surveys were returned and useable. Subjects were employed in lower and middle management at a wide range of organizations. The survey consisted of 42 items covering the subject's workload, daily tasks, projects, and attitudes. Sixteen items measured subjects' attitudes toward their workload and work control on a five-point Likert scale. The remaining 26 items covered the subjects' workload, daily tasks, and pending projects. Items queried the types of communications subjects received, the queue sizes in numbers of items and in time to complete, the time spent in various office activities, and the number and type of interruptions experienced throughout the day.
Descriptive statistics
In comparing our results to the previously reported data from 1998, e-mails per day were slightly higher while phone calls per day dropped significantly. The shift from phone to e-mail can be attributed to the greater acceptance and adoption of e-mail. Why the e-mail average is so much lower than the later Pitney Bowes survey could be attributed to spam filters, common today in corporate software packages. Our respondents reported a far smaller percentage of time spent in meetings, but much more time spent on the phone, than the higher level managers reported in Oshagbemi's (1995) meta-analysis. In fact, hours on the phone and answering e-mail amounted to over 40 percent of the typical day.
Almost one hour per day is spent "managing and prioritizing schedules and workloads, but not actually doing the work". In a manufacturing environment, this would be considered set-up time. A necessary hurdle for lean production is to reduce set-up time, as it wastes resources in a strictly productive sense. Strangely, that one hour is acceptable as the average Likert score to the question "I spend too much time prioritizing what to do" leaned heavily toward disagree (question 14). Interruptions averaged fewer than reported in other sources (Speier et al., 2003) , but this item is very difficult to measure accurately without actual observation. The impact of interruptions on the flow of work was of great interest. On average, 43 percent of interruptions are dealt with on the spot, and quickly, and presumably with little effect to flow. Alternatively, 30 percent require an action item that would fall into a queue and Workload factors impacting managers necessitate future prioritizing and scheduling time. More than 28 percent of interruptions require immediate attention to the detriment on any work in progress. In manufacturing, this is the equivalent of breaking a set-up to expedite production of a critical item. It occurs much more frequently in non-lean systems and will greatly reduce efficiency, and obviously impact flow.
Results
To explore the relationship between measures of managers' workloads and measures of their attitudes, principal components analysis (SPSS, 2002) was performed using Varimax rotation (Kaiser, 1958; Norusis, 2004) to identify primary factors. Cattell's (1978) scree plot was used to select the number of primary factors to rotate. Five primary factors were identified which accounted for over 56 percent of total variance (Figure 1 ). The rotated factor matrix is shown in Table I .
Description of the five factors
For the first factor, the following items loaded highest: We have used 0.6 as a minimal absolute value loading. With the exception of the fourth item on this list, all have to do with the level of perceived workload. As discussed before, the amount of work-in-process is a common metric of lean production, and an equivalent in managerial operations could be the work queued up in in-boxes, scheduled and regular assignments (including projects), and other informal systems. We label this factor "WIP" and consider it a simple tool to inversely measure leanness. The fourth item merits further discussion. The survey inquired about number of employees in the organization and at the site. Only the site item correlated with this factor. The inference could be made that number of employees at a given site correlates with WIP and therefore leanness. Similar to the exponential relationship between the number of communication channels and the number of people in a workgroup, the WIP could also be related to the number of employees at a work site. This indicates an inverse relationship between the size of the work site (although not of the organization itself), and the "leanness" of WIP. This result confirms popular discussions of the efficiency of skunkworks and smaller work units (Adams and Brock, 1986; Peters, 1987; Peters and Austin, 1986) . It also agrees with the empirical results of Carillo and Kopelman (1991) , demonstrating a similar relationship in the financial services industry. They found that the smallest branches of a financial services company were approximately 31 percent more efficient than the largest branches, and that the branches with the least vertical complexity were about 44 percent more productive than the branches with the most hierarchical complexity.
The following items loaded most highly on the second factor:
(1) "I feel highly stressed when I have too much to do". Loading: þ 0.847. These items clearly have in common a perceived level of control, or lack thereof, as answered. Empowering workers is a requirement of lean systems (Schonberger, 2001 ). Empowered workers have been delegated a higher level of responsibility and have demonstrated a higher sense of control (Schonberger, 2001 ). We label this factor "empowerment" and as with the first factor, positively loaded items are considered less lean.
The highest loading items for the third factor include:
(1) "I do not answer phones or look at e-mail while dedicating efforts toward a particular assignment". Loading: þ 0.706. An obvious commonality is the phone reference, but many daily phone calls also give the appearance of a manager plagued by hindrances to accomplishing tasks. For this reason, we label this factor "non-value time". Of course, lean manufacturing systems emphasize the maximization of value-adding time by eliminating unnecessary activities and movement (Schonberger, 2001) . Too many phone calls would be an interruption to flow. Hours each day in meetings is like machine downtime. Workers feel one-third of meeting time is unproductive (Elsayed-Elkhouly et al., 1997). These are in opposition to the desired lean state, so like the two factors above, positively loaded items are considered less lean. At the present time, we have to little data to delineate this factor, or to formulate any hypothesis about its relation to lean metrics. Therefore, we must leave it indeterminate pending further research.
Conclusion
In this exploratory analysis of the perceptions and attitudes of middle-managers regarding their workloads, we have identified five primary factors that together account for approximately 56 percent of total variance. Based on face validity, the first four of these factors, labeled "WIP", "empowerment", "non-value time", "facilitation", appear to correspond to commonly accepted lean production constructs. Validation of these factors and elucidation of the relationships between them awaits further research. Four of the five primary factors demonstrate content validity, since the questions relate to the construct (Kline, 1994; Spector, 1992) . They also demonstrate face validity since the relationship between the items and the construct is not hidden (Kline, 1994; Spector, 1992) . However, much more research is required to demonstrate construct validity Workload factors impacting managers (Cronbach and Meehl, 1955; Kline, 1994) , to prove empirically that the factors actually measure the characteristics we hypothesize. In testing for that construct validity, we hope to also create a valid measure of leanness for knowledge-based work.
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